Abstract -Falling is a very serious problem for our society, as it affects one out of three older adults. Currently, this is a wellknown problem and therefore multiple ICT-based solutions for falls management exist. In addition, a small part of them are said to help preventing falls, but most of the reviewed solutions doesn't seem to have their focus in reducing specific fall risk factors like loss of muscle mass or a poor balance. The proposed ICT-based fall prevention solution is based on an existing fall prevention exercise programme specifically designed for the Portuguese population. It takes advantage of the smartphone processing capabilities as well as its built-in inertial sensors to evaluate the movements performed during the execution of specific exercises. Using only a simple smartphone it is possible to provide a friendly and inexpensive solution capable of increasing seniors' adherence to fall prevention exercises as well as raise their motivation to properly execute the exercises in their home environment.
INTRODUCTION
Ageing is one of the biggest problems faced by our society. With the increase in life expectancy, it is projected that in 2015 18,7% of European population will have more than 65 years old, against 15,6% of young people. Furthermore, this gap tends to increase through the upcoming years with the index of ageing growing up from 120 in 2015 to near 200 in 2050 [1] .
Associated to an aging population, new social and economic problems arise, which constitutes a challenge to our society. Particularly, falls represent a serious and common problem affecting older persons, as this age group is particularly prone to falls and injuries. It is known that around the world one out of three seniors experience falls each year [2] and this number rises to nearly 50% when we are talking about institutionalized people [3] . The economic impact of falls is associated to health care costs that are particularly relevant when a fall leads into a serious injury, for example, a fracture, and the person tends to stay at the hospital for an extended period of time [3, 4] . Additionally, a fall may create a fear of falling again, which will cause loss of independence and a reduced quality of life of the patient [4] . As elderly people are broadly affected by the occurrence of falls, it becomes extremely important to find ways to reduce the number of falls and consequently to improve their quality of life.
In order to reduce the number of falls, it is important to identify the most common fall risk factors and apply specific fall prevention strategies to reduce those risks. Reduced muscle strength, slowed pace of movements, poor balance and an obvious decrease of physical activity are some examples of fall risk factors [4] . An effective strategy to prevent falls is the practice of physical exercise, preferably targeting specific risks.
Physical exercises are known to improve older person's muscle mass, increase muscle strength, and more importantly, improve balance. Currently, several exercise programs exist and are suitable to be performed by the older person alone or in group, without compromising their safety [5, 6, 7] . Unfortunately, fall prevention exercises are rarely applied. This occurs due to the high costs of transportation to clinical environments where group exercises are performed in a daily or weekly basis [2, 3] . Furthermore, when the senior is alone at home, he/she does not have the motivation required to perform these tiresome exercises. Having these problems in mind it is necessary to find solutions to increase the adherence to the fall prevention exercises, and also increase the awareness about the benefits these exercises represent to the older person, therefore increasing their motivation and the "treatment" compliance.
Most of these constraints can be overcome with today's technologies. Modern video game consoles, for example, are able to identify users' movements; therefore they can be used as a strategy to help users perform exercises at home. However, it will restrict the exercises execution to the place where the console is. Moreover a console can be quite expensive to be used as a facilitator of fall prevention exercises. Another technology available is the computer, or, preferably, due to its portability, the laptop [11, 12] . The main disadvantage is that they require the connection of external devices to detect user movements and an additional configuration step, which might reduce the usability of the whole system.
When we think about new and emerging technologies we are thinking on tablets and smartphones, devices that are extremely powerful with high levels of mobility and usability. Both devices have built-in sensors that can be used to evaluate movements performed by the user. In particular, the smartphone, due to its reduced dimensions, can be attached to certain part of the body, being able to evaluate specific movements of the user.
The aim of this project is therefore to develop a smartphone-based solution capable of guiding an elderly person throughout a set of exercises in a safe and easy way, as well as evaluate and provide feedback about the user performance. This set of exercises is presented to the user as a serious game, increasing the motivation to perform them frequently at seniors' home.
II. FALL PREVENTION EXERCISES
Fall prevention exercises are not new in our society, and several programmes already exist, for example, the "Ortago Exercise Programme" used in New Zealand [5] , and the FaME -Fall Management Exercise Intervention -applied in London [6] .
A specific and moderate exercise programme was designed by Argel de Melo, C. et al. (2011) taking into account specific fall risk factors in older Portuguese people [7] . The programme was designed to be performed using only a chair as support. The use of a chair pretends to reduce the risk associated with the execution of the exercises without medical supervision. This was chosen program to be the basis of the smartphonebased fall prevention solution.
Due to some restrictions related to the size of the smartphone and the required positioning of the device (i.e. to enable the sensors to read meaningful data about the movement performed), not all of the exercises included in the programme were appropriate to be adapted to the smartphone. Therefore, those related to neck retractions and rotations were not considered for evaluation using the smartphone. Exercises focused on the thoracic spine, upper members, ankle and lower limbs were all selected to be included in the fall prevention tool. The extension of the thoracic spine is one of those exercises. It is performed with the elderly sitting on a chair and with arms abducted and external rotated, holding this position for a while, which will improve flexibility and muscle endurance.
Also, to improve the range of motion of the shoulder, an upper limb exercise is included. This exercise consists in a simple arm elevation until the maximum range is achieved, also holding this position for a certain amount of time. These two exercises together with the reaching forward exercise (that intends to amend balance) can be evaluated at the level of the arm; therefore, the smartphone can be maintained in the same position during the execution of this set of exercises.
Another set of exercises can be evaluated always in the same position, but in this case on the leg. Active ankle dorsiflexion and plantar flexion, performed in a seated position, will develop better gait mobility and therefore improve daily actions like stair climbing. The exercise of sitting down and standing up from a chair will be able to improve lower limb strength. Routine activities like dressing can also be improved with the single leg stance exercise, which will enhance equilibrium and therefore, avoid falls.
Finally, the last two recommended exercises are the voluntary stepping (in forward, lateral and backward direction), which reduce the sensation of balance loss, and walking every day, which improves gait speed and helps the user to keep active. To be effective, these exercises need to be performed regularly at home, which sometimes creates motivational problems on the senior and an interesting problem to be solved in order to keep prevention exercises effective.
III. THE SMARTPHONE-BASED SOLUTION
So far, several concerns were presented and need to be taken into account so that platform requirements are fulfilled. The platform must incorporate several sensors capable of detecting movement, acceleration, and relative position. In addition it must be programmable and allow the communication with the sensors. Nevertheless it must be affordable to the masses and have an easy and interactive interface specially adapted to elderly people.
Such requirements suggest the use of the Android platform which provides a wide set of tools that enable a full exploration of the smartphone capabilities. Android is an open source and free development platform based on Linux. The Linux kernel is the base of the whole platform and it is responsible for memory and process management, as well as networking and others system services on Android [8] .
It also has a lot of built-in services out of the box like the GPS, gyroscope, accelerometer and magnetic sensor. In addition to it Android offers portability for current and future hardware. This portability is only possible because all of the programs that run in Android are written in Java and are executed by a virtual machine called Dalvik [8] . This virtual machine is optimized to compile the Java class files taking into account the device limitations such as memory, processor speed and power [9] . This design makes possible to write java code to be run on the device and therefore it is easy to develop to Android-based programs.
Android devices define two coordinate systems: one to represent the global coordinate system (i.e. the Earth) and one to represent the device coordinate system. Inertial sensors are designed to measure motion. Accelerometer, gyroscope and magnetometer are some examples of sensors usually available in Android devices [10] .
• The accelerometer, can sense tri-axial accelerations.
The accelerometer on Android is a set of tiny masses on tiny springs. These springs bend whenever an inertial force acts, being able to measure it. It can measure the forces applied to the device, either the earth's gravity or the forces resulting from shaking the device [10] .
• Gyroscope, like the accelerometer, it constituted by a set of tiny masses on tiny springs. In this case, instead of measuring the acceleration they measure the rotation force, or the Coriolis force. The Coriolis force acts only when the device is rotating, which enables the measurement of the speed rotation of the device. It is not possible to measure directly the angle of the device using the gyroscope, unless the values are integrated over time. When the device is stationary the gyroscope will measure zero [10] .
• Magnetometer is a quite complex sensor, and depending on the manufacturer and architecture it may be implemented using the Hall effect, Lorentz force or even magneto-resistive materials. The most common solution is the Hall effect that consists in passing a current through a wire. Magnetometers, like the compass, are used to measure the absolute magnetic field of the Earth. The values measured by the magnetometer change based on the current local magnetic environment [10] .
In addition to these sensors, Android has some built-in sensor fusion techniques available by software and hardware. Sensor fusion is a process of combining multiple sensors data in order to obtain more accurate results [10] . With these techniques it is possible to smooth the noise produced by sensors like the accelerometer, or compute device's orientation relative to the Earth. In this sense, accelerations due to gravity can be discriminated from those due to movement, therefore improving the accuracy of measurements. On Android the result of sensor fusion is used as a sensor, e.g. the gravity sensor that gives the value of the gravity after being processed according to the accelerometer readings. Modern devices include virtual or hardware sensors capable of measuring data with respect to the global coordinate system.
The prototype construction involves two distinct phases. The first one, more exploratory, involves recording sensor data, analyze the data gathered and explore different positions for the smartphone. The second phase is more technical, involving the design of the algorithms to process the movements and provide the correct feedback to the users.
A. Movement Analysis
In this phase it was necessary to find a way to collect and analyze the data gathered from the inertial sensors. To record this data, was built a simple Android application was built. This application has access to the data read by the sensors and saves the information in an external file. Acquisition of signals can be performed using different sampling rates. In Android, it is possible to define four different default rates: the Fastest, the Game, the UI and, finally, the Normal [10] .
After recording the exercises with Android it was necessary to process that information. A program in Python was used to read files and process the recorded signals. To obtain a visual analysis of the results it was used a Python 2D plotting library, the matplotlib. With this approach it was possible to build a plot for each sensor, exercise and experimental positioning of the smartphone.
It was also necessary to define the most appropriated axis or axes to process data. To understand this need we can look to the Fig. 1 where it is possible to see clearly the variation produced in each axis of the accelerometer during the execution of the upper limb exercise. In this movement a variation is produced by the gravity on the Y-axis that goes from near -10 m/s 2 at the initial position to 10 m/s 2 when the exercise position is reached. At this stage, the arms are forced to stay in this position with small forcing movements, which are more easily readable on the Z-axis of gravity.
In this process it was also required to define the best position to attach the smartphone during the execution of exercises, taking into account comfort and the quality of recorded sensor data. Based on exercises characteristics, few possible positions would be admitted, for example, waist, arms, legs or hands. To facilitate the set up of each exercise and their sequence, the less number of locations are considered to attach the smartphone, the better. As the fall prevention program chosen to support this application is mainly focused on arms and legs movements, they could be divided into two groups. With this division it was possible to have only two locations for the smartphone, one on the thigh and the other on the wrist (Fig. 2) . In both positions the smartphone is strap to the user with an armband. 
B. Signal Processing
After defining the smartphone position based on the recorded data and with a set of valid values from the sensors it was necessary to start creating the algorithms for real-time analysis. The first step was to define the most appropriated sensor rate. The normal rate was chosen for sensor data sampling, as this frequency is able to capture all the information that is present in the movements that constitute the exercises. Also, this will save battery on the device. This rate works perfectly for most of the exercises, except for the ankle movements exercise, where the delay of the normal rate is too big to detect small variations.
This occurs due to the positioning of the smartphone on the thigh. In this position, it is possible to detect the upper and 2013 IEEE 15th International Conference on e-Health Networking, Applications and Services (Healthcom 2013) down movement of the thigh, produced as a consequence of the ankle flexion movement when the user is sitting on a chair. Therefore it was necessary to use the fastest rate, to detect and process those variations. In this case, in order to obtain better results it was necessary to smooth the values recorded from the sensors. Using a low-pass filtering technique, in this case weighted smoothing it was possible to obtain a more uniform set of readings. This technique involves weighting the newest value against the old mean, such that [10] :
Where the x i is the value read from the sensor, and a is the smoothing value. In this case the value of a is 0,1, which is a decent choice for a smooth plot. In addition to the filter it was also necessary to amplify the signal. The original signal is squared in order to maintain the signal curvature unchanged. In order to have only positive values before squaring the signal, a safe value is added. Therefore the x i is:
This signal processing produces a much linear plot, as it is visible on the Fig. 3 . In this case, it is possible to see clearly the four local maximums of the Y-axis gravity corresponding to four plantar flexion movements. The main problem associated to this approach is that the values on the graphic cannot be easily associated to the normal value of gravitational acceleration, around 9,8 m/s 2 . Fig. 3 . Plantar Flexion recorded with gravity sensor.
All the exercises are evaluated in real-time therefore realtime processing is required. Real-time analysis is made by comparison of sensors' readings with fixed threshold values able to detect and confirm the current orientation of the smartphone, which may vary in line with the movement. Once again, the ankle movements' exercise is an exception, since threshold values used may vary according to the initial orientation of the smartphone. To overcome this problem, each time the exercise starts the initial position is processed, and then the signal amplitude is evaluated taking into account the initial orientation of the device.
The linear acceleration sensor is used to detect the number of times a person forces to maintain a certain position, for example, the number the forcing movements that occurs on the upper limb elevation. As this movement produces low accelerations, the influence of gravity could not be considered, in order to obtain more accurate readings specifically related to movement.
On exercises like the upper limb elevation or reaching forward, the readings from the gravity sensor range from negative to positive values, according to the smartphone's orientation relative to the vertical of the earth, being easy to detect when and how the movement is performed. Another sensor used in this application is the rotation vector, which is capable of detecting the device rotation during the upper limb elevation.
Each exercise begins in a different initial position that must be matched to a set of pre-defined values so that the person is always forced to begin the exercise correctly, in the pre-defined position. To do this, the smartphone orientation is perceived and, when it matches the desired orientation (by means of predefined values), the exercise can begin. At this moment, the application starts to collect all the metrics associated with the corresponding exercise. These metrics are summarized in the Table 1.   TABLE I. EXERCISE METRICS
Exercise Metrics Collected
Extension of the thoracic spine 
IV. PRELIMINARY EVALUATION AND LESSONS LEARNED
At this moment the algorithms to measure and collect metrics from the exercises only have a very preliminary and sketchy evaluation that was performed during the program development. But it is possible to say that the set of exercises performed with the smartphone on the leg are less propitious to involuntary errors. On the other hand the set of the exercises with focus on the arm are much more unstable, as much more random movements can be created by arms and therefore introduce misleading information that can be processed inaccurately.
At this point of the project there are already some reflections regarding the use of the sensors available on Android to evaluate the exercises. In fact, several physical differences exist between each individual; also, for the execution of tests, each individual can use different chairs with different heights. In addition to it, between repetitions the user might place his legs in different initial positions during the same exercise set. This required the adjustment of thresholds for each situation, which requires some time in a static position to get calibration data able to adjust the upcoming sensor readings according to the initial smartphone positioning. However users may not be willing to wait for the calibration process, therefore these adjustments must be done in background during the exercise execution. The main drawback of doing this evaluation on the background is the small number of samples that can be collected and processed during the exercise execution.
V. MAIN CONTRIBUTIONS
In this paper a method is presented to be used as a fallprevention solution, using the smartphone. Fall-prevention exercises detailed on Argel de Melo, C. programme [7] were adapted to the smartphone, offering the means to guide and evaluate the exercises at home with increased motivation to the user. This study provides the first steps in this adaptation.
The smartphone approach isn´t too expensive and nowadays almost everyone has a smartphone that can be used for fall prevention purposes. Exercise's evaluation will enable the monitoring of several parameters, which can be used to monitor the patient's evolution. Therefore, it will enable collecting, processing and measure fall prevention exercises using just a single device, the smartphone.
VI. CONCLUSIONS AND FUTURE WORK
Despite being a work in progress this application can be a promising contribution to fall prevention. A full validation of the exercise's algorithms performance, detection, evaluation and feedback are still required to ensure that proper, useful and reliable metrics are being collected in the exercises.
In overall this is a new approach to guide and evaluate fall prevention exercises that in combination with a serious game tries to fulfill the lack of motivation that these exercises may generate on the elderly. Keep the user motivated through time is essential otherwise the effectiveness of the programme will be compromised. Nevertheless it is necessary to ensure that these exercises are totally safe to be performed alone without any risk to the patient.
It is expected that this prototype will soon evolve into a serious game, offering an attractive design and a scoring system that may motivate the user to play The game design, that is being thought, has two very distinctive approaches. One requires a set-top box (for example a Google TV) connected to the smartphone where the user can move objects shown in the television using the smartphone movements performed during the exercise. The other alternative is to use the mobile phone screen as interface but this has some limitations, mainly because during the exercise execution the user is not able to correctly see the screen. To overcome this problem the interaction may be done through audio, playing specific sounds at key positions of the exercise execution.
After the adaptation to a serious game it is important to test and validate the game design with the target audience, in this case with elderly people. In this validation, the most important aspect that requires to be validated is the motivation that the game will produce on the elderly.
Finally, it is relevant to mention the biggest handicap of this prototype, which is the single member evaluation. The exercises must be performed using both limbs (upper or lower), but the smartphone is only capable of evaluating one limb (as it is attached solely to one of our limbs). This problem can be overcome using external sensors. New sensors could be placed on the user's leg or arm reducing the need of changing the mobile phone position according to the exercise performed and at the same time evaluate both limbs. The main drawback of this approach is the addition of an extra device that also adds an extra cost to the system.
